ABSTRACT
Temperature at the surface
INTRODUCTION
The study of heat generation or absorption in moving fluids is important in problems dealing with chemical reactions and those concerned with dissociating fluids. Possible heat generation effects may alter the temperature distribution; consequently the particle deposition rate in nuclear reactors, electronic chips and semiconductor waters.
The effect of radiation on free convection has been drawn forth not only for its fundamental aspects but also for its significance in the contexts of space technology and processes involving high temperature. In the presence of heat generation, natural convection boundary layer flow from a porous vertical plate of a steady two dimensional viscous incompressible fluid and the radiated heat transfer has been investigated. In this analysis consideration had been given to grey gases that emit and absorb but do not scatter thermal radiation. Over the work it is assumed that the surface temperature of the porous vertical plate T w , is constant, whereT w >T  . Here T  is the ambient temperature of the fluid, T is the temperature of the fluid in the boundary layer, g is the acceleration due to gravity, the fluid is assumed to be a grey emitting and absorbing, but non scattering medium. In the present work following assumptions are made:  Variations in fluid properties are limited only to those density variations which affect the buoyancy terms.
 The radiative heat flux in the x-direction is considered negligible in comparison with that in the y direction, where the physical coordinates (u, v) are velocity components along the (x, y) axes.
Vajravelu and Hadjinicolaou [10] studied the heat transfer in a viscous fluid over a stretching sheet with viscous dissipation and internal heat generation. In this study, they considered that the Q is the heat generation constant. The above relation explained is valid as an approximation of the state of some exothermic process and having T  as the onset temperature. When the inlet temperature is not less than T  they used Q 0 (T-T  ). Merkin [12] studied free convection with blowing and suction. Lin and Yu [9] studied free convection on a horizontal plate with blowing and suction. Hossain et al [6] studied the effect of radiation on free convection flow with variable viscosity from a porous vertical plate. Hossain et al [5] studied flow of viscous incompressible fluid with temperature dependent viscosity and thermal conductivity past a permeable wedge with variable heat flux. Hossain and Takhar [7] studied radiation effect on mixed convection along a vertical plate with uniform surface temperature. Molla et al. [13] studied natural convection flow along a vertical wavy surface with uniform surface temperature in presence of heat generation/absorption. Akhter [1] studied the effect of radiations on free convection flow on sphere with isothermal surface and uniform heat flux. Ali [2] studied the effect of radiation on free convection flow on sphere with heat generation. Makinde and Moitsheki: [11] studied on non-perturbative techniques for thermal radiation effect on natural convection past a vertical plate embedded in a saturated porous medium. Makinde and Ogulu [14] studied the effect of thermal radiation on the heat and mass transfer flow of a variable viscosity fluid past a vertical porous plate permeated by a transverse magnetic field. Ogulu and Makinde [10] studied unsteady hydromagnetic free convection flow of a dissipative and radiating fluid past a vertical plate with constant heat flux. Hossain et al. [4] studied the effect of radiation on free convection flow from a porous vertical plate. They [4] analyzed a full numerical solution and found, an increase in Radiation parameter R d causes to thin the boundary layer and an increase in surface temperature parameter causes to thicken the boundary layer. The presence of suction ensures that its ultimate fate if vertically increased is a layer of constant thickness. The present study deals with effects of radiation on natural convection flow from a porous vertical plate in presence of heat generation. The results will be obtained for different values of relevant physical parameters and will be shown in graphs as well as in tables.
The governing partial differential equations are reduced to locally non-similar partial differential forms by adopting some appropriate transformations. The transformed boundary layer equations are solved numerically using implicit finite difference scheme together with the Keller box technique [8] . Here, we have focused our attention on the evolution of the surface shear stress in terms of local skin friction and the rate of heat transfer in terms of local Nusselt number, velocity profiles as well as temperature profiles for selected values of parameters consisting of heat generation parameter Q, Prandtl number Pr and the radiation parameter R d . In order to check the accuracy of our numerical results the present results are compared with [4] .
FORMULATION OF THE PROBLEM
We have investigated the effects of radiation on natural convection flow from a porous plate in presence of heat generation. The fluid is assumed to be a grey, emitting and absorbing but non scattering medium. Over the work it is assumed that the surface temperature of the porous vertical plate, T w , is constant, where T w > T . The physical configuration considered is as shown in Fig.1 : Figure 1 . The coordinate system and the physical model
The conservation equations for the flow characterized with steady, laminar and two dimensional boundary layers; under the usual Boussinesq approximation, the continuity, momentum and energy equations can be written as:
With the boundary conditions 0, 0, 0, .
where  is the density,  0 is the strength of magnetic field,  0 is the electrical conduction, k is the thermal conductivity,  is the coefficient of thermal expansion,  is the reference kinematic viscosity  = / ,  is the viscosity of the fluid, C p is the specific heat due to constant pressure and q r is the radiative heat flux in the y direction.
In order to reduce the complexity of the problem and to provide a means of comparison with future studies that will employ a more detail representation for the radiative heat flux; we will consider the optically thick radiation limit. Thus radiation heat flux term is simplified by the Rosseland diffusion approximation [13] and is given by   
In Equation (5) a r is the Rosseland mean absorption co-efficient,  s is the scattering coefficient and  is the Stephan-Boltzman constant. Now introduce the following non-dimensional variables: 
Where Pr=C p /k is the Prandtl number is the heat generation parameter and M= 0 2  0 / is the magneto hydrodynamic parameter. The boundary conditions (4) become 0, 1 at 0
The solution of equations (6), (8) enable us to calculate the non dimensional velocity components u,v from the following expressions
In practical applications, the physical quantities of principle interest are the shearing stress  w and the rate of heat transfer in terms of the skin-friction coefficients C fx and Nusselt number Nu x respectively, which can be written as
and 00
where uT qk wc yy
q c is the conduction heat flux. Using the Equations (6) and the boundary condition (9) into (11 and 12), we get
The values of the velocity and temperature distribution are calculated respectively from the following relations:
METHOD OF SOLUTION
Solutions of the local non similar partial differential equation (7) to (8) subjected to the boundary condition (9) are obtained by using implicite finite difference method with Keller-Box Scheme [8] , which has been described in details by Cebeci [12] . Table:1 and  Table: 2 and graphically in Fiqure 6-9. The effect for different values of heat generation parameter Q on local skin friction coefficient C fx and the local Nusselt number Nu x , as well as velocity and temperature profiles are displayed in Fig.2 Here, as the radiation parameter R d increases, the velocity profile increases and the temperature profile increases slightly such that there exists a local maximum of the velocity within the boundary layer, but velocity increases near the surface of the vertical porous plate and then temperature decreases and finally approaches to zero. Here, as surface temperature parameter  w increases, the velocity profile increases and the temperature profile increases such that there exists a local maximum of the velocity within the boundary layer, but velocity increases near the surface of the vertical porous plate and then temperature decreases and finally approaches to zero. Figures 9(a)-9(b) . We can observe from these figures that as the Prandtl number Pr increases, the skin friction coefficient decreases and rate of heat transfer increase. Numerical results of skin friction and rate of heat transfer are calculated from equation (13) [4] as presented in Table 2 . The results are found to be in excellent agreement.
RESULTS AND DISCUSSION
In this exertion the effects of radiation on natural convection flow on a porous vertical plate in presence of heat generation is investigated. Numerical values of local rate of heat transfer are calculated in terms of Nusselt number Nu x for the surface of the porous vertical plate from lower stagnation point to upper stagnation point,for different values of the aforementioned parameters and these are shown in tabular form in
CONCLUSION
The effect of radiation on natural convection flow on a porous vertical plate in presence of heat generation has been investigated for different values of relevant physical parameters including Prandtl number Pr, and surface temperature parameter  w .
Significant effects of heat generation parameter Q on velocity and temperature profiles as well as on skin friction and the rate of heat transfer have been found in this investigation but the effect of heat generation parameter Q on rate of heat transfer is more significant. An increase in the values of heat generation parameter Q leads to increase both the velocity and the temperature profiles, the local skin friction coefficient C fx increases at different position of  and the local rate of heat transfer Nu x decreases at different position of  for  < 0.1 and decrease asymptotically when Pr =1.0.
The increase in the values of radiation parameter R d leads to increase in the velocity profile, the temperature profile, the local skin friction coefficient C fx and the local rate of heat transfer Nu x .
All the velocity profile, temperature profile, the local skin friction coefficient C fx and the local rate of heat transfer Nu x increases significantly when the values of surface temperature parameter  w increase.
The increase in Prandtl number Pr leads to decrease in all the velocity profile, the temperature profile, the local skin friction coefficient C fx but the local rate of heat transfer Nu x increase.
